The present study characterizes gliding motility mutants of Mycoplasma mobile which were obtained by UV irradiation. They were identified by their abnormal colony shapes in 01 % agar medium, showing a reduced number of satellite colonies compared to the wild-type. A total of ten mutants were isolated based on their colony phenotype. Using dark-field and electron microscopy, two classes of mutants, group I and group II, were defined. Cells of group I mutants had irregular, flexible and sometimes elongated head-like structures and showed a tendency to aggregate. Neither binding to glass nor gliding motility was observed in these mutants. Cells of group II mutants were rather spherical in shape, with the long axis reduced to 80 % and the short axis enlarged to 120 % of that of wild-type cells, respectively. Their gliding speed was 20 % faster than that of wild-type cells. Three of the ten mutants remained unclassified. Mutant m6 had a reduced binding activity to glass and a reduced gliding motility with 50 % of the speed of the wild-type strain. The ability of wild-type and mutant colonies to adsorb erythrocytes was found to correlate with the binding activity required for gliding, indicating that mycoplasma gliding depends on cytadherence-associated components. Finally, the ability to form microcolonies on surfaces was shown to correlate with the gliding activity, suggesting a certain role of gliding motility in the parasitic life-cycle of mycoplasmas.
INTRODUCTION
Mycoplasmas are wall-less parasitic prokaryotes, phylogenetically related to low GjC Gram-positive bacteria (Weisburg et al., 1989) , and are widespread in man, animals and plants (Razin, 1995) . Gliding motility, a movement by which cells attach to various matrices and slide on them, has been reported for several mycoplasma species, including Mycoplasma pneumoniae, Mycoplasma pulmonis, Mycoplasma gallisepticum, Mycoplasma genitalium and Mycoplasma mobile (Kirchhoff, 1992 ; Razin, 1995) . Gliding motility has been reported for a variety of bacteria, for example Myxococcus and Flavobacterium species, as well as cyanobacteria (Burchard, 1981 ; Wall & Kaiser, 1999) . Interestingly, the twitching motility and pathogenic determinants of Pseudomonas aeruginosa and Neisseria gonorrhoeae share essential genes with the gliding motility of Myxococcus (Youderian, 1998) . In these Gram-negative bacteria, several factors are known to be involved in gliding, including type IV pili, surface proteins, chemotactic signal pathway components, lipopolysaccharides and extracellular polysaccharides. The gliding mechanisms are still unclear, although several hypotheses have been suggested based on the information available (Hoiczyk & Baumeister, 1998 ; Manson et al., 1998) . The genomes of two gliding mycoplasmas, M. genitalium and M. pneumoniae, have been fully sequenced (Fraser et al., 1995 ; Himmelreich et al., 1996) . However, the genome sequence does not have homologues for components of pili, chemotactic signal pathways or two-component systems of bacteria. This suggests that mycoplasmas have a distinct gliding mechanism which requires experimental analysis (Himmelreich et al., 1996) .
M. mobile was isolated from the gill organ of a freshwater fish (Kirchhoff & Rosengarten, 1984) . Previous work has shown that M. mobile has great advantages for analysis of gliding motility for the following reasons (Kirchhoff, 1992) : (i) it glides with a speed of 2n0-4n5 µm s −" , five times faster than the second fastest mycoplasma, M. pulmonis ; (ii) the movement is continuous and is not interrupted by resting periods, as reported for other mycoplasmas ; (iii) the optimal temperature for gliding is 25 mC, which allows microscopic observation at normal room temperature (Rosengarten & Kirchhoff, 1987) .
Mycoplasmas are classified phylogenetically into five groups based on 16S rRNA structures. M. mobile belongs to the Mycoplasma hominis group, which also includes M. pulmonis, whilst the fully sequenced mycoplasmas, M. pneumoniae and M. genitalium, belong to the M. pneumoniae group (Weisburg et al., 1989) . Nevertheless, the apparent cell structures involved in gliding motility are common among the gliding mycoplasmas and the gliding mechanism is believed to be similar in these species (Kirchhoff, 1992 ; .
One possible approach to elucidate the gliding mechanism is the isolation of gliding mutants, but so far, no such mutant has been reported for mycoplasmas. To investigate the mechanism of gliding, gliding mutants of M. mobile were identified and isolated, and characterized with regard to their motility, cell morphology, adhesive capability and potential for microcolony formation.
METHODS
Cultivation. M. mobile strain 163K (ATCC 43663) was grown without shaking at 25 mC in Aluotto medium, consisting of 2n1 % heart infusion broth, 0n56 % yeast extract and 10 % serum (Aluotto et al., 1970) , supplemented with 25 µg thallium acetate ml − " and 50 µg ampicillin ml − ".
Isolation of gliding mutants. Exponential-phase cells were collected by centrifugation at 15 000 g and 20 mC for 10 min and suspended in a buffer consisting of 8 mM HEPES (pH 7n4) and 280 mM sucrose. Cell suspension (500 µl) was aliquoted to a depth of 2n5 mm into a 24-well tissue culture plate and irradiated at 25 mC for 10 min by UV light generated by a 4 W lamp placed at a distance of 10 cm and equipped with a filter that allowed light with wavelengths above 254 nm to pass through. The irradiated cells were collected by centrifugation at 15 000 g and 20 mC for 5 min and suspended in liquid medium to a concentration of about 1000 c.f.u. ml − ". Aliquots (20 µl) of the cell suspension were used to inoculate Aluotto medium containing 0n1 % Noble agar (Difco) in 24-well tissue culture plates. After 4-5 d incubation at 25 mC in a moist chamber, mutants were identified based on their colony morphology. The cell shape and motility of the isolated mutants were examined by dark-field microscopy after 1 d growth in broth medium. The cells were suspended by pipetting several times, the absence of clumps confirmed by microscopy and the suspension inoculated again onto 0n1% agar medium. After some days of cultivation, colony morphology and features of cell morphology were examined. This screening procedure was repeated a few times until each mutant showed uniform colony morphology and cell morphological characteristics, i.e. did not differ from the characteristics observed in the previous screening procedure.
Microscopic observation and analysis of movements. To examine gliding motility for screening purposes, 3 µl of broth culture or a colony that had been suspended in broth medium was placed on a glass slide and covered with a coverslip. For quantitative analysis, cells were harvested by centrifugation at 10 000 g and 20 mC for 4 min and suspended in fresh broth medium to reach a cell concentration allowing easy observation of cell motility, namely 10-1000 cells in a microscope field. Cell movements were examined under a microscope (BX50 ; Olympus) equipped with a dark-field condenser lens (U-DCW) and were recorded with a video camera recorder through a CCD (charge-coupled device) camera (WV-BP510 ; Panasonic). Video files were produced from the videotapes using a personal computer through an image capture card (Qmotion, Quadrant International) and converted to sets of frames. The frame sets were analysed with the software Scion Image PC (Scion). Average images were produced and used as still images. The moving tracks were traced by a painting tool with a fixed width, and the lengths of traces were measured using particle analysis software. A total of 50 tracks of 2 s and 10 tracks of 10 s were traced to estimate the gliding speeds of M. mobile mutants m6 and m26, respectively. More than 100 tracks of 4 s were used for other movements. For analysis of cell shape by dark-field microscopy, image files of single frames were produced from the videotapes. Cell shape characteristics were obtained from 100 cell images with Scion Image PC. For electron microscopic observation, cells were placed on collodion-coated grids prepared as described by Fareed & Kasamatsu (1980) . Grids were allowed to dry, negatively stained with 2 % ammonium molybdate for 1n5 min and observed with a transmission electron microscope (Cole, 1983 ; Seto & Miyata, 1998 .
Haemadsorption assay. Colonies grown on 0n7 % agar medium for 5 d were overlaid with sheep erythrocytes suspended in PBS as described by Sobeslavsky et al., 1968) and observed under an inverted microscope. After washing with PBS, the number of attached erythrocytes and the colony area were measured with Scion Image PC, and the ratio was used to quantify haemadsorption activity.
Microcolony formation. M. mobile cells were inoculated into 200 µl Aluotto broth medium in wells of 96-well microtitre plates to a concentration of 1i10( c.f.u. ml − ". The microtitre plates were incubated at 25 mC on the stage of an inverted microscope and observed continuously for 72 h with the CCD camera connected to a time-lapse video recorder. Alternatively, mycoplasmas were grown in an incubator at 25 mC and the microcolonies were observed and photographed after 60 h.
RESULTS

Colony shapes in low agar concentrations
Previous reports have shown that swarming motility and gliding are more prominent when cells are grown on medium containing a low concentration of agar (Burchard, 1981 ; Hartzell & Youderian, 1995) . Mycoplasmas of the genus Spiroplasma have a helical cell morphology and show rotating motility in viscous environments, which generates a diffuse colony morphology in 0n6 % agar (Cohen et al., 1989 ; Jacob et al., 1997) . These observations prompted us to test various agar concentrations of solid medium, i.e. 0n1, 0n2, 0n3, 0n5, 0n7, 1n0, 1n5 and 2n0 %, with the aim of finding one which would allow us to correlate the colony shape of M. mobile with the degree of gliding motility. In a medium containing more than 0n5 % agar, M. mobile formed typical fried-egg colonies containing ' film and spots ', which are caused by metabolic products (Freundt, 1983 ; Kirchhoff & Rosengarten, 1984) . At concentrations of less than 0n5 % agar, colonies did not form a centre and a concentric peripheral zone, but were composed of irregular microcolonies (satellites), whilst the numbers and distribution of colonies in the inoculated area did not change. With decreasing concentrations of agar, the microcolonies increased in number and decreased in size. At concentrations of 0n1 % agar, most of the colonies were formed inside the medium and microcolonies predominated (Fig. 1a) . In contrast, M. gallisepticum, which has a similar cell shape as M. mobile but glides at an extremely low speed of 0n03-0n05 µm s −" (Kirchhoff, 1992 ; Morowitz & Maniloff, 1966) , formed colonies without satellites (data not shown). These results suggest that the colony morphology observed in less than 0n5 % agar medium reflects the gliding ability of M. mobile. We adopted 0n1 % agar medium to try isolating gliding mutants because the difference in colony morphology between M. mobile and M. gallisepticum is most obvious at this agar concentration.
Isolation of mutants
Cells of the wild-type strain were irradiated by UV light to such an extent that the survival rate was about 10 % and then inoculated onto 0n1 % agar medium. In contrast to non-irradiated cell suspensions, about 0n1 % of the subsequent colonies showed abnormal shapes ( Fig. 1) . One morphotype (m12 in Fig. 1 ) was characterized by an opaque central area and lacking satellites (Fig. 1c) . The other morphotype (m6 and m14 in Fig. 1 ) had a similar central area with surrounding satellites. Twenty mutants were isolated from about 20 000 colonies screened by this method and the cells were checked by dark-field microscopy. Ten mutants exhibiting defects in gliding motility were isolated and designated m6, m9, m12, m13, m14, m23, m26, m27, m29 and m34. No difference in growth rates was found among these mutants. We did not find any revertants during characterization of the isolated mutant strains, suggesting that they were genetically stable.
Gliding motility of mutants
Gliding of the wild-type cells and the mutant cells was examined by analysis of moving tracks produced from video tapes (Fig. 2) 
Gliding mutants of Mycoplasma mobile
Mutants m9, m12, m13 and m23 did not bind to the glass surface and exhibited only Brownian motion. (ii) Mutants m14, m27, m29 and m34 showed enhanced gliding speeds of 122, 113, 122 and 123 %, respectively, compared to the gliding speed of 2n6 µm s −" of the wildtype strain. (iii) Cells of mutant m6 had a reduced ability to bind to the glass surface and showed attachment and detachment with short intervals. More detailed observation of the movements of this mutant revealed three types (Fig. 3) . The first was continuous gliding at 51 % of the speed of the wild-type strain. The second type was slow movement with trembling and repeated attaching to and detaching from the glass surface over short intervals, resulting in thick and short tracks. The third type was Brownian movement, which generated a dot as the motility track. As seen in Fig. 3 , the individual cells changed moving patterns frequently during the observation period, apparently because of their weak binding ability. The proportions of the three types of movements were estimated using eight consecutive still images of 2 s containing 155 tracks. The analysis revealed proportions of 23, 31 and 46 % for the first, second and third type of movement, respectively, whilst the proportions were 92, 7 and 1 %, respectively, for the wild-type strain (based on 129 motility tracks). (iv) The majority of cells of mutant m26 did not bind to the glass surface and remained in Brownian motion, and only a small proportion bound to the glass surface. Less than 1 % of the total cells showed occasional gliding at 18 % of the speed of the wild-type.
Cell morphology of mutants
Cell morphology was analysed by dark-field (data not shown) and electron (Fig. 4) microscopy, and similar results were obtained by the two methods (Table 1) . The wild-type cell was flask-shaped with a head-like structure, as previously reported (Kirchhoff & Rosengarten, 1984) . The cell shapes of the gliding mutants were classified into three types, which did not necessarily correspond to particular motility types. (i) Mutants m6 and m34 apparently showed the same cell morphology as the wild-type strain. (ii) Mutants m9, m12, m13 and m23 had an irregular cell morphology with a head-like structure that varied in length and was sometimes elongated. Observation by dark-field microscopy revealed that the elongated head-like structure was abnormally flexible and moved rapidly by Brownian motion (data not shown). The cells of these mutants easily formed aggregates in broth medium (Figs 2 and 4) . The size of the cell bodies was less constant than that of the wild-type strain and sometimes swollen (Fig. 4) . (iii) Cells of m14, m26, m27 and m29 showed a short flask shape. The length and width of individual cells was measured using dark-field microscopy images (Fig. 5) . This revealed that the individual cells of m14 were shorter in length and wider than the wild-type strain. The same feature was found in analyses of m26, m27 and m29 (data not shown). The mean lengths of the long axis were 81, 90, 78 and 81 % of that of wild-type cells for m14, m26, m27 and m29, respectively, whilst the mean widths were 121, 123, 118 and 118 %, respectively.
Classification of mutants
Based on their cell morphology, their attachment capability and their gliding motility, the mutants were classified into two groups. Mutants m9, m12, m13 and m23, which had irregular cell shapes and no binding activity to glass surfaces were classified as group I mutants. Mutants m14, m27 and m29, which had short flask shapes and fast gliding speeds were classified as group II mutants. The other three mutants (m6, m26 and m34) could not be classified using these criteria.
Haemadsorption activity
It has been previously shown that the haemadsorption activity is related to so-called cytadherence-associated proteins (Krause et al., 1997) . However, it is unknown whether the binding activity required for gliding depends on these components (Bredt, 1979 ; Kirchhoff, 1992) . To evaluate such a possible relationship, the ability of colonies to adsorb erythrocytes was examined for the ten mutants and the wild-type strain (Fig. 6) . Colonies on 0n7 % agar plates were overlaid with erythrocytes suspended in PBS. Haemadsorption activity was quantified from the number of erythrocytes adsorbed to the colony surface and the colony area (Table 1 ). The colonies of m14, m27, m29 and m34 had haemadsorption activities of 93, 113, 96 and 122 % of that of the wild-type strain, respectively. The colonies of m9, m12, m13, m23 and m26 failed to adsorb erythrocytes. The colonies of m6 had 24 % of the haemadsorption activity of the wild-type strain. These results showed that haemadsorption activity correlates with the binding activity required for gliding motility.
Microcolony formation
The wild-type strain and the mutants were examined for their ability to form microcolonies on a solid surface in broth medium (Fig. 7) . Microcolonies emerged on the bottom of the microtitre plate wells about 30 h after inoculation and grew with small changes in their position, presumably caused by the gliding motility of individual cells (data not shown). The slow colony movement was observed until 50 h after inoculation. The mutants were grown and observed in the same way. No microcolony formation was found in cultures of group I and m26 mutants, whilst the group II and m34 mutants formed microcolonies in a similar manner to the wild-type strain. In cultures of the m6 mutant, microcolonies were formed, but they were less condensed than those seen in the wild-type strain. These results indicated that microcolony formation correlates with the ability to glide. 
DISCUSSION
In the present study the colony morphology of the wildtype strain and UV-induced mutants of M. mobile was examined in medium with low agar concentrations. While the wild-type strain showed a distinct colony shape composed of microcolonies, immobile group I and m26 mutants formed dense colonies without satellites, and the m6 mutant displaying reduced cell motility formed colonies with an intermediate shape (Fig. 1) . These observations suggest that in low agar concentrations colony morphology correlates with the gliding activity of the mutant strains. Since colonies on media with agar concentrations higher than 0n5 % and containing agar other than Noble agar from Difco did not show the same shape, it seems that the colony morphology of M. mobile depends on the structure of the agar network.
Colony morphology changed continuously depending on the agar concentration but the number and distribution of the colonies remained constant. When a series of diluted cells was inoculated onto the soft agar, colonies composed of small blocks of cells were not obtained until they had grown for a few days (data not shown). These observations suggest that colonies in 0n1 % agar are a variation of the usual ones resulting from proliferation of a single cell, and are not formed by cell aggregation. It is likely that M. mobile cells glide on the agar fibres through the network and then stop occasionally and form microcolonies. In the higher concentrations of agar, movement is presumably inhibited by the fine agar network. When the same agar medium was used for M. gallisepticum, which glides with a slow speed (Kirchhoff, 1992 ; Morowitz & Maniloff, 1966 ) the resulting colonies were similar to those of the immobile mutants of M. mobile. However, colony shape seems not to depend on motility alone. Colonies of group II and m34 mutants had greatly reduced numbers of satellites although the cells had similar motility to the wild-type strain. (Figs 1 and 2) . Moreover, some M. mobile mutants had normal cell shapes and motility, but their colony shapes were similar to the immobile mutants (data not shown). Chemotactic behaviour towards some sugars and amino acids has been reported for M. mobile and M. pneumoniae (Kirchhoff, 1992 ; Kirchhoff et al., 1987b) , although no homologues of chemotaxis genes were found in the deduced genome sequences of M. pneumoniae and M. genitalium (Fraser et al., 1995 ; Himmelreich et al., 1996) . It is not unlikely that chemotactic activity may act as one triggering factor for colony morphology in M. mobile. The change in colony morphology depending on both agar concentration and motility is also observed in spiroplasmas, one genus of the mycoplasmas (Jacob et al., 1997) . However, their motility is apparently different from gliding, namely rotatory and flexible movements in liquid of high viscosity. This observation is supported by the finding that the essential gene for spiroplasma motility has no homologues in the genomes of two gliding mycoplasmas.
A total of ten mutants were isolated, of which seven were classified into two groups, as summarized in Table  1 . The cells of group I mutants lacked binding activity to the glass surface (m12 in Fig. 2 ) and had a head-like structure of variable length and abnormal flexibility in the elongated forms (m12 in Fig. 4) . It was previously reported that M. mobile cells appear to bind to glass surfaces with their head-like structure because they were sometimes seen to tremble, thereby keeping their headlike structure attached to the glass surface (Kirchhoff, 1992) . Presumably, a non-functional head-like structure causes the loss of binding and gliding activity in the group I mutants. In M. pneumoniae, the head-like structure is designated as the attachment organelle and functions in adhesion to host cells and other solid matrices (Krause, 1996 (Krause, , 1998 . Several proteins of M. pneumoniae, including HMW1, HMW3, P1, P30, P40, P90 and P65, which are located at the attachment organelle are known to be essential for cytadherence (S. Seto, G. Layh-Schmitt, T. Kenri & M. Miyata, unpublished) . The HMW1 protein plays a role in an early stage of organelle formation and hmw1 defective mutants of M. pneumoniae do not express the typical tapered morphology of the attachment organelle (Hahn et al., 1998) . The deficiencies of group I mutants of M. mobile may be caused by a similar mechanism to that of the hmw1 mutants of M. pneumoniae. In the head-like structure of some gliding mycoplasmas, cytoskeleton-like filaments have been identified (Korolev et al., 1994 ; Meng & Pfister, 1980) . In M. pneumoniae, actin-like filaments bind to the pole of the head-like structure and form a network in the cell body. Korolev et al. (1994) found that in M. gallisepticum a submembrane system is formed of tubules similar to eukaryotic microtubules and both ends of the tubular structures are anchored in the head-like structure of the cell (Korolev et al., 1994) . No filamentous structures were reported for M. mobile (Kirchhoff et al., 1987a ; Kirchhoff & Rosengarten, 1984) . However, the present observation of abnormal flexibility in the elongated heads of group I mutants suggests the participation of cytoskeleton-like structures in organizing the apparatus responsible for gliding motility. The gliding speed of individual cells of the wild-type strain ranged from 2n4 to 3n3 µm s −" and was dependent on the batch of serum added to the medium, suggesting that unknown factors in the serum influence gliding motility. However, the ratio of the speed of the mutants to that of the wild-type strain did not change significantly among the measurements. One interesting finding was that group II mutants, m14, m27 and m29, had a rather round cell shape that correlated with enhanced gliding speeds (m14 in Figs 2, 4 and 5). The procedure for isolating mutants did not include a growth step until the first inoculation on the ultrasoft agar followed by colony selection. Moreover, we isolated the mutants from two separate cell suspensions mutated independently. These facts suggest that the three mutants were produced independently, and that the rounded cell shape is intrinsically related to the increased gliding speed. On the other hand, the round cell shape is probably not the result of the enhanced gliding motility because m34 cells showed an enhanced motility but a normal (wild-type) cell morphology. In M. pneumoniae, the P1 adhesin supported by accessory proteins is known to bind to solid surfaces and animal cells (Krause, 1996 (Krause, , 1998 . The adhesion mechanism of M. gallisepticum seems to be similarly complex (Athamna et al., 1997) . However, it is as yet unclear whether the apparatus for adhesion to animal cells also mediates the binding to the glass surface required for gliding motility (Kirchhoff, 1992) . In cyanobacteria, it is suggested that constantly secreted slime plays key roles in both adherence to the substrate surface and production of the motive force (Hoiczyk & Baumeister, 1998) . In M. mobile, slime has been observed to Gliding mutants of Mycoplasma mobile surround the cells (Rosengarten et al., 1988) . To elucidate the relationship between cell adhesion and gliding, the cell adhesion activity of the mutants and the wild-type strain was examined in the haemadsorption assay (Fig. 6) . The group II and m34 mutants, which were shown to glide with similar speed as the wild-type strain, also had a wild-type-like haemadsorption activity, whilst immobile group I and m26 mutants, which did not bind to the glass surface, had no haemadsorption activity. Interestingly, mutant m6, in which the proportion of cells that bound to the glass surface was half of that of the wild-type strain, had an intermediate haemadsorption activity. These results showed that haemadsorption activity correlates to the binding activity required for gliding, suggesting that the machinery for cell adhesion is also used for gliding motility. Surface motility of Myxococcus xanthus and Pseudomonas aeruginosa is known to be involved in microcolonization prior to the development of microbial communities (Hartzell & Youderian, 1995 ; O'Toole & Kolter, 1998) . Although microcolonization has been previously reported for M. mobile, the involvement of gliding motility has not been defined (Rosengarten & Kirchhoff, 1989) . The present results indicate that gliding motility plays a critical role in microcolony formation, suggesting that gliding mycoplasmas may use their motility not only for migration to the preferred locations in the host, but also for successful colonization of host tissues. The microscopic observations revealed that cells of mutant m6 repeatedly attached to and detached from the glass surface, and that the gliding speed during the binding period reached only 50 % of that of the wildtype cells (Figs 2 and 3 ). All mutants with reduced or no gliding activity had an additional deficiency in adhesion to the glass surface. The relationship between gliding and attachment was examined in further experiments by applying poly--lysine coated glass slides to bind the non-adhesive mutants of M. mobile. Most of the mutant cells became bound to the glass but they did not glide, whilst the gliding speed of the wild-type cells was not significantly affected (data not shown). These observations suggest that an active natural binding of cells to a solid surface is required for gliding motility, and that binding and gliding activities are linked to each other. Another possible explanation for the failure to isolate mutants deficient only in motility is that the motility is linked to a cellular event essential for growth, for example membrane potential, basic metabolism or synthesis of macromolecules. Six of the isolated mutants showed striking differences in binding activity to both glass and erythrocytes compared to the wild-type strain, suggesting changes in cell surface structures. In Gram-negative bacteria, lipopolysaccharide (LPS) plays an important role in adhesion to solid and host surfaces (Jacques, 1996) . Similar molecules called lipoglycan have been reported for a limited number of mycoplasma species (Smith & Langworthy, 1983) . Since lipoglycan was not identified in M. mobile (data not shown), the profile of membrane proteins was analysed by Triton X-114 phase fractionation and SDS-PAGE (data not shown). Some differences were found in the protein profiles between the mutants and the wild-type strain, but these were limited to the intensity of bands and did not reveal defined ON or OFF expression states, as reported for phase variation in many mycoplasma species (Citti & Rosengarten, 1997) . Therefore, it appears difficult to link changes in gliding motility with changes in the protein profile. Some cytadherence-associated proteins of M. pneumoniae have been identified by exploring the protein profiles of the cytoskeleton, which is insoluble in Triton X-100 and designated the ' Triton shell ' (Krause, 1996) . The successful identification of mutated proteins by comparing protein profiles depends on the genome size. The genome sizes of M. mobile, M. genitalium and M. pneumoniae are 780, 580 and 816 kb, respectively (Bautsch, 1988 ; Fraser et al., 1995 ; Himmelreich et al., 1996) . We anticipate for M. mobile a potential ORF number of 600-650, based on the putative ORF numbers of M. pneumoniae and M. genitalium. This expected number is much smaller than the 4288 ORFs of Escherichia coli (Blattner et al., 1997) and will be advantageous for the direct identification of proteins involved in gliding motility and associated functions.
